Abstract
INTRODUCTION
Hip fractures are a common type of injuries, but the incidence increases rapidly and will surpass 6.3 million by 2050 [1, 2] . In the United States, more than 250000 hip fractures occur annually and mostly in the elderly, and the 1-year mortality rates range from 14% to 36%, because of the frequently associated osteoporosis [3, 4] . As one of the two subgroups of hip fractures (the other subgroup is femoral neck factures), nearly 30% of intertrochanteric fracture (ITF) patients die in the first 12 mo, especially the elderly with limited activity [5] . The major problems for the high mortality are the return to the preoperative level of activity and the dependence in daily routines [6] . Consequently, nearly half of these patients require assistance in daily living activities, and 25% need long-term care after treatments [7] . The functional outcomes and mortality are associated with several factors, especially perioperative anemia and operative blood loss [8, 9] . With the improvement of surgical methods, minimally invasive surgical therapy has significantly reduced trauma with reliable efficacy. However, the overall blood loss volume may be much larger than that observed. As reported, the median total blood loss in patients with extra-capsular fracture of the hip is 2100 mL [10] . To prevent and reduce the blood loss during the perioperative period, researchers have proposed various methods, such as permissive hypotension, topical freezing saline, thromboplastic agent, auto-transfusion devices, erythropoietin administration, autologous blood transfusion, and anti-fibrinolytic agents [11] [12] [13] . Despite the effectiveness, these methods are still faced by many defects.
Tranexamic acid (TXA), a synthetic derivative of amino acid lysine, competitively inhibits the activation of plasminogen to plasmin, the serine protease, via binding to Kringle domains. TXA is also a competitive inhibitor of tissue plasminogen activator via blocking the lysine-binding sites of plasminogen [14] . Nowadays, TXA has been widely used in reducing traumatic and surgical bleeding [15] . A large trial involving 20,211 adult trauma patients reported that early administration of TXA safely and effectively reduced the risk of death in bleeding trauma patients [16] . If TXA was given to all patients with, or at risk of, traumatic bleeding, this would reduce the number of deaths by 120000 per annum worldwide [16] . However, the optimum time may be within three hours, and otherwise, the treatment would be ineffective. Because of its benefit demonstrated in several clinical trials [17, 18] , TXA has gained interest in orthopedic and trauma surgery recently. Since significant investigations of its use in joint replacement and spine surgery were reported [15, 19] , wide incorporation of TXA into the everyday practice of these surgeons has been promoted. Large prospective studies and meta-analyses demonstrate the effectiveness and safety of TXA in total knee and hip arthroplasty [15, 20] . Clinical trials prove that TXA is effective in reducing blood loss in spine surgery without incremental risk or complications [21, 22] . Although the use of TXA in arthroplasty and spine surgery has been verified and extensively studied, the paucity of studies regarding its use in orthopedic trauma has limited its integration into this field, which may benefit most from TXA.
Recently, more studies focus on the use of TXA in hip fractures [10, 23] . Lei et al [23] reported that TXA significantly reduced postoperative hidden blood loss in ITF patients undergoing proximal femoral nail antirotation (PFNA). Tengberg et al [10] found that TXA significantly reduced total blood loss in patients with extracapsular hip fractures. However, the safety of TXA in this group has not achieved a consensus. Thus, in order to investigate and help determine the efficacy and safety of TXA administration in reducing bleeding and transfusion in elderly ITF patients, we metaanalyzed the relevant literature regarding the potential risks and benefits of TXA in ITF surgery.
MATERIALS AND METHODS
This meta-analysis was performed according to the 'Preferred Reporting Items for Systematic Reviews and Meta-Analyses' [24] .
Inclusion criteria and search strategy for meta-analysis
This meta-analysis evaluated randomized controlled trials (RCTs) that were published in English and investigated the efficacy and safety of TXA both in and after operation. Studies involving any type of fracture fixation were involved, while other types of surgery including arthroscopy and hemiarthroplasty were excluded. Articles with the diagnosis not being ITF were excluded. Studies providing only abstracts or protocols were excluded. The participants were adults who had undergone ITF fixation, regardless of the type or size of internal fixation material, anesthesia, postoperative care, or different methods or doses of TXA administration. We searched Medline and PubMed for the publications in English (up to October 2018), using the words of "hip fracture", "intertrochanteric fracture", and "tranexamic acid", as well as their extended words, without other limits. Full-texts were obtained if the titles and abstracts did not allow us to include or exclude the studies.
Intervention and data extraction for outcomes
In the meta-analysis, different authors used the search strategy to independently scan the titles and abstracts for appropriate articles. Duplicates were firstly removed on Endnote X6. When any of the above vital information was uncertain, we retrieved the full article for further scrutiny, or directly contacted the authors of individual trials to acquire further information if necessary. The following data were extracted: (1) Name of first author and publication time; (2) Demographics, gender, and age of participants; (3) Methods and doses of TXA administration; (4) Anesthesia; (5) Operative methods and related information; (6) Follow-up time; (7) Blood loss; (8) Postoperative hemoglobin (Hb) and hematocrit (Hct) changes; (9) Transfusion-related information; and (10) All kinds of complications. The extracted data were then entered independently by two reviewers. Any disagreement was solved by a con-sensus through discussion with a review team. Primary outcomes including blood loss, transfusion, and complications were estimated.
Validity assessment
Two of the authors independently assessed the methodological quality of each article according to the Consolidated Standards of Reporting Trials 2010 Statement Checklist (2010 CONSORT statement) for RCTs [25] , and the scores ranged from 0 to 25. Disagreements were resolved by discussion. The quality of evidence of outcomes was judged according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) criteria, with five factors (risk of bias, inconsistency, indirectness, imprecision, and publication bias) which may downgrade the quality level of evidence. The recommendation level of evidence was classified into four categories: High, moderate, low, or very low. High quality meant that further research was very unlikely to change the confidence in the estimate of the effect; moderate quality indicated that further research was likely to have an important impact on our confidence in the estimate of the effect and could change the estimate; low quality implied that further research was very likely to have an important impact on our confidence in the estimate of the effect and was likely to change the estimate; and very low quality indicated that we were very uncertain about the estimate [26] .
Trial sequential analysis (TSA)
If the data is sparse, or if the test significance is repeated after adding a new trial, a meta-analysis may lead to type I and type II errors [27, 28] . TSA is analogous to the interim analysis in a single trial in which the monitoring boundaries are performed to determinate whether it is sufficient for the small value of P to demonstrate the desired results and whether the study should be terminated in advance. Therefore, TSA relies on quantification of the required information size, which can be calculated according to the diversity-adjusted (D 2 ) between trials: 5% risk of type I error, 20% risk of type II error (a power of 80%), and relative risk reduction of 20% with low risk bias (using the data of allele model).
As such, if the Z-curve crosses the TSA monitoring boundary before the required information size is reached, a sufficient level of evidence may have been established and further trials are not needed. Otherwise, continuous trials are necessary to identify the issue.
Statistical analysis
To perform this meta-analysis, two reviewers independently pooled data from each study for analysis using Review manager 5.0 (Cochrane Collaboration, Oxford, England). Dichotomous and continuous data were entered as number of events and mean ± SD, respectively. Numerical data and measured data were compared by the t-test and chi-squared test, respectively. Before the data were pooled, statistical heterogeneity for each study was assessed by the chi-squared test with significance level at P < 0.1, and quantified by I 2[29] . The origin of heterogeneity, if present, was analyzed according to differences in methodological quality, characteristics of participants, and intervention. Trials without and with heterogeneity were compared by fixed-effects analysis and random-effects analysis, respectively. For each study, odds ratio (OR) and 95%CI and mean differences and 95%CI were calculated for dichotomous and continuous outcomes, respectively. The Power and Sample Size Program software was used to calculate power and sample size. The following parameters were used: α, the type Ierror probability for a two-sided test; P0, the probability of exposure in controls; N, the number of case patients; m, the ratio of control to experimental subjects; Ψ, odd ratio of exposure in cases relative to controls. Stability of the results was assessed via sensitivity analysis. If the data was enough, subgroup analysis was conducted to explore possible heterogeneity. P < 0.05 was considered as significance.
RESULTS
After a detailed evaluation, eight independent RCTs [10, 23, [30] [31] [32] [33] [34] [35] with cumulatively 836 patients were included in the overall meta-analysis (Figure 1) . Most of the RCTs were relatively well-designed and their CONSORT adherence scores ranged from 19 to 24, with a maximum score of 25. These eight trials were all focused on ITF patients, most of who underwent intramedullary nail. The characteristics of the included studies are summarized in Table 1 , and the methodological quality is illustrated in Figure 2 . Judgments about each risk of bias item are presented as percentages across all included studies (Figure 3 ). Six outcomes in this meta-analysis were evaluated utilizing the GRADE system, and all of them were important or critical, and the quality of the evidence was high for all of the six outcomes (Table 2) .
Blood loss was one of the main outcomes and reported in six included studies [10, 23, [30] [31] [32] [33] . TXA treatment compared with the control group significantly reduced postoperative blood loss (95%CI, -20.83 to -7.93 mL, P < 0.0001, Figure 4A ), hidden blood loss (95%CI, -213.67 to -64.43 mL, P = 0.0003, Figure 4B ), and total blood loss (95%CI, -332.49 to -23.18 mL, P = 0.02, Figure 4C ) by weighted mean differences of -14.38, -139.05 and -177.83 mL, respectively. Four studies [10, 23, 30, 32] including 309 patients were eligible for analysis of intraoperative blood loss, but no significant difference was observed between groups ( Figure 4D ). Analysis of deep venous thrombosis (DVT) from five studies [10, 23, 30, 33, 35] showed that the incidence rates of postoperative DVT in the TXA and control groups were 2.99% and 2.20%, respectively. The metaanalysis also proved that the usage of TXA in ITFs may not significantly increase the incidence of DVT ( Figure 5 ). Due to thromboprophylaxis, only two other studies [10, 23] reported four cases of pulmonary embolism (PE) during follow-up, and the incidence of PE decreased markedly, but without significant difference. Allogeneic blood transfusion data were provided by eight studies [10, 23, [30] [31] [32] [33] [34] [35] , which showed that significantly fewer patients in the TXA group (42%) required transfusion than the control group (95%CI, 0.36 to 0.69; P < 0.0001; Figure 6 ). Sensitivity analysis was conducted by deleting one study from overall pooled analysis each time so as to check the influence of the removed data on the overall data set, and no significant changes were found for the outcomes of hidden blood loss, allogeneic blood transfusion data, and thrombotic events. However, with regard to intraoperative blood loss, sensitivity analysis excluding the study of Lei et al [23] resulted in statistical significance (WMD = -50.25, 95%CI, -84.02 to -16.48, P = 0.004). Moreover, concerning postoperative blood loss, sensitivity analysis excluding the study of Tian et al [30] resulted in no statistical significance (WMD = -5.1, 95%CI, -19.36 to9.15, P = 0.48). Regarding total blood loss, sensitivity analysis excluding the study of Baruah et al [32] , Tengberg et al [10] , or Lei et al [23] all led to no statistical significance. The sample size required to identify the issue using TSA is 499 subjects. Until now, the cumulative Z-curve crossed the trial sequential monitoring boundary, indicating that TXA is associated with decreased risk of ITF and further relevant trials are unnecessary ( Figure 7 ). The TSA-adjusted 95%CI was 0.60 to 0.83. The power analysis indicated that this study had a power of 99.9% to detect the effect of TXA on the risk of transfusion of ITF patients, assuming an OR of 0.71.
DISCUSSION
TXA has been widely used to reduce traumatic and surgical bleeding, and its safety and effectiveness in total hip and knee arthroplasty [15, 36] have also been proved recently. However, there are few studies about its safety and effectiveness in ITF surgery. Thus, in this meta-analysis, it was found the use of TXA could significantly reduce hidden blood losses as well as the number of patients who needed allogeneic transfusions, without increasing the risk of thromboembolism.
TXA is an antifibrinolytic agent that acts by binding to plasminogen and blocking the interaction of plasmin (ogen) with fibrin, thereby preventing the fibrin clot dissolution [37] . On this account, its significant effects of reducing perioperative blood loss have been proved in various surgical procedures, including cardiac surgery with or without cardiopulmonary bypass [38] , total hip and knee replacement [15] , and prostatectomy [39] . Moreover, TXA can significantly reduce all-cause mortality and death due to bleeding in trauma patients with significant bleeding, particularly when administered early after injury [40] . It is predicted that TXA use in surgery and trauma would be very cost-effective and potentially life-saving [41] . Because of the effectiveness, TXA has been increasingly used in surgical procedures. The secondary research focus is the security, especially the thromboembolism and ischemia event. In this regard, three issues that must be addressed are whether TXA influences the fibrinolytic system postoperatively, whether it also affects prothrombin time, activated partial thromboplastin time, international normalized ratio, and platelets, and whether TXA interacts with thromboprophylaxis agents. So far, the use of TXA in orthopedic surgery focuses on arthroplasties and spinal operation. Also, the outcomes are partially positive: TXA can significantly reduce blood loss and blood transfusion requirements, without intensifying the risk of thromboprophylaxis [15, 36, 42] . However, studies about the use of TXA in fracture surgery are still few.
Femoral ITFs are clinically one group of common fractures and especially attack the elderly. The global number of hip fractures will increase from 1.66 million in 1990 to 6.26 million in 2050 [43] . Surgery is used for almost all femoral ITFs. Blood loss occurs as a consequence of both the fracture and surgery and thus RBC transfusion is frequently used. However, blood transfusions are correlated with an increased risk of bacterial infections, possibly increased mortality, and the substantial costs involved in the blood collection, preparation, transport, and administration [44, 45] . The incidence of DVT is as high as 80% in femoral ITF patients [46] . Therefore, investigating the efficacy and safety of TXA in femoral ITF surgery is of great significance. As reported, TXA reduces erythrocyte transfusion but may promote a hypercoagulable state [47] . Moreover, its efficacy is lower than observed in hip or knee arthroplasty. Three studies [10, 33, 34] similarly confirm the safety and effectiveness of TXA administration in elderly patients undergoing ITF surgery. Blood loss, transfused blood units, and The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence health care cost can be significantly reduced. Two other studies [23, 30] and our trial verify the effectiveness of TXA in reducing hidden blood loss. Out outcomes are consistent with previous studies, although some complications, including DVT, PE, myocardial infarction, ischemic cerebral infarction, hematoma, and infection, were observed. However, we were unable to ascertain a reliable cause of these complications, especially when there were no significant differences between groups, and only small dosage was used during the operation. The conclusions also were notarized by our meta-analysis. Our meta-analysis involving 836 participants from eight RCTs is an update of another meta-analysis [48] involving only four studies and 514 participants, but the findings are similar.
Despite the effectiveness of TXA in femoral ITF, there are still some problems to be solved. In our meta-analysis involving eight RCTs, heterogeneity or confounding factors still exist. Five studies [10, 23, 30, 33, 35] and two studies [31, 32] reported the use of intramedullary nail and dynamic hip screw (DHS), respectively, but one study [34] referred to nothing. Subgroup analyses showed no significant difference between groups in the number of patients who needed transfusion with DHS (data not supplied). Moreover, the methods and dosages used in different studies are both inconsistent. Intravenous use was reported in six studies [10, 23, 30, 32, 34, 35] , and the dosages ranged from 1 to 4 g in total. We found the maximal WMD of 570.8 mL compared with the largest dosage of 4 g ( Figure 4C ), implying that the better effectiveness accords with the larger dose on the premise of safety. Two other studies [31, 33] reported the local or intramuscular administration around the wound, and only one study [33] found the effectiveness in reducing the blood loss and need of transfusion. It was concluded that TXA did not play a significant role in reducing postoperative blood loss or blood transfusion when used locally in femoral ITF surgery [31] . At last, the outcomes of sensitivity analyses showed the heterogeneity and instability of the outcomes of blood loss, except the hidden blood loss, which might be caused by different intervention conditions, including drainage, surgical procedures, time of operation and so on. Generally, our study verifies the effectiveness of intravenous TXA in femoral ITF, but the safety still needs more experimental verification. The use of method and dosage should also be investigated in future.
This study has some limitations. First, our meta-analysis included only eight RCTs published in English, with no unpublished data, which may lead to publication bias. Second, the differences in autotransfusion protocol, surgical techniques, drainage, low-molecular-weight heparin, operative time, dosage, and mode of administration may all contribute to between-study differences in the outcomes. Third, in most of the included studies, the follow-up time only lasted to discharge, which made long-term evaluation indices (e.g., DVT and PE) unavailable.
In conclusion, our study suggests the use of TXA in ITF surgery significantly reduced the risk of hidden blood losses as well as the need for allogeneic transfusion, without increasing other complications, especially DVT, particularly for intravenous use. However, larger high-quality prospective trials are required to strengthen our conclusions, define the optimal regimen, and assess the safety and cost-effectiveness of TXA before its use is recommended in ITF surgery. 
ARTICLE HIGHLIGHTS

Research background
Intertrochanteric fracture is a common type of injury, and nearly 30% of intertrochanteric fracture patients die in the first 12 mo, especially the elderly with limited activity. With the improvement of surgical methods, minimal invasive surgical therapy has significantly reduced trauma with reliable efficacy. Anyway, the overall blood loss volume may be much larger than that observed. Tranexamic acid has been widely used in reducing traumatic and surgical bleeding, however, the paucity of studies regarding its use in orthopedic trauma has limited its integration into this field, which may benefit most from tranexamic acid. The safety of tranexamic acid in this group has not achieved a consensus.
Research motivation
Recently, the impact of tranexamic acid on intertrochanteric fracture surgery has been controversial due to several studies. For instance, some studies reported that the association between tranexamic acid and intertrochanteric fracture was significant, while others reported the opposite conclusion.
Research objectives
To date, although several studies focus on the use of tranexamic acid in hip fractures, the results have been controversial and limited. Thus, in order to investigate and help determine the efficacy and safety of tranexamic acid administration in reducing bleeding and transfusion in elderly intertrochanteric fracture patients, we meta-analyzed the relevant literature regarding the potential risks and benefits of tranexamic acid in intertrochanteric fracture surgery.
Research methods
We searched Medline and PubMed for the publications in English (up to October 2018), that focused on the effectiveness and safety of tranexamic acid on the intertrochanteric fracture. The Consolidated Standards of Reporting Trials 2010 Statement Checklist was used to assess the methodological quality of each study. Trials without and with heterogeneity were compared by fixed-effects analysis and random-effects analysis, respectively. For each study, odds ratio (OR) and 95%CI and mean differences and 95%CI were calculated for dichotomous and continuous outcomes, respectively. The Power and Sample Size Program software was used to calculate power and sample size. Stability of the results was assessed via sensitivity analysis.
Research results
After a detailed evaluation, eight independent randomized controlled trials with cumulatively 836 patients were included in the overall meta-analysis. Tranexamic acid treatment compared with the control group significantly reduced postoperative blood loss (95%CI, -20.83 to -7.93 mL, P < 0.0001), hidden blood loss (95%CI, -213.67 to -64.43 mL, P = 0.0003), and total blood loss (95%CI, -332.49 to -23.18 mL, P = 0.02) by weighted mean differences of -14.38, -139.05, and -177.83 mL, respectively. But no significant difference was observed between groups for analysis of intraoperative blood loss. The meta-analysis also proved that the usage of tranexamic acid in intertrochanteric fractures may not significantly increase the incidence of deep vein thrombosis. Allogeneic blood transfusion data showed that significantly fewer patients in the tranexamic acid group (42%) required transfusion than the control group (95%CI, 0.36 to 0.69; P < 0.0001).
Research conclusions
Our study suggests the use of tranexamic acid in intertrochanteric fracture surgery significantly reduced the risk of hidden blood losses as well as the need for allogeneic transfusion, without increasing other complications, especially deep vein thrombosis, particularly for intravenous use. However, larger high-quality prospective trials are required to strengthen our conclusions, define the optimal regimen, and assess the safety and cost-effectiveness of tranexamic acid before its use is recommended in intertrochanteric fracture surgery.
